Complement involvement in bone homeostasis and bone disorders.
An integral part of innate immunity is the complement system, a defence system, consisting of fluid-phase and cell surface-bound proteins. Its role to ensure adequate responses to danger factors and thus promoting host defence against pathogens has been well described already for decades. Recently, numerous further reaching functions of complement have been discovered, among these are tissue homeostasis and regeneration, also with respect to the skeletal system. The influence of complement activation on bone was recognised first in pathological conditions of inflamed bone tissue and surrounding areas, observed, for example, in rheumatoid arthritis and osteoarthritis. Greatly enhanced levels of complement proteins were detected in synovial fluids and sera of arthritic patients compared to healthy individuals. Additionally, complement-mediated signalling was shown to modulate periodontitis disease development and progression. Periodontitis is an infectious condition of the periodontium, which involves severe bone loss. Moreover, the complement system critically modulates bone regeneration and healing outcome after fracture. This is seen in uneventful fracture healing, but particularly under severe inflammatory conditions induced by an additional traumatic injury. Therefore, complement activation plays an important role in both sterile and non-sterile inflammatory conditions of the bone, which will be addressed here in respect of findings in bone fractures, arthritides, periodontitis and osteomyelitis. Importantly, complement proteins are thought to be critical not simply in the states of an activated immune system, but also for bone growth during physiological development and bone homeostasis, given for example their presence in long-bone growth-plate cartilage. Furthermore, bone-cell development from precursor cells and bone-cell metabolism and communication, for example, between bone-forming osteoblasts and bone-resorbing osteoclasts, are dependent on or even critically influenced by the presence of complement proteins and complement-mediated signalling. The present review summarises the current view on the role of the complement cascade on bone, both under homeostatic physiological conditions and under inflammatory and infectious conditions, which strongly affect the bone and skeletal health. Furthermore, this review addresses the potential and the feasibility of therapeutic interventions involving the complement cascade, derived from experimental and clinical data. Modulating the complement system could help in the future to reduce bone infections, ensure a balanced bone turnover and to generally improve skeletal health.